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PATIENT MONITORING SYSTEMIS AND 
METHODS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This non provisional patent application claims pri 
ority to U.S. Provisional Patent Application No. 62/010,199 
entitled “Patient Monitoring Systems and Methods', filed 
Jun. 10, 2014, the content of which is herein incorporated by 
reference in its entirety. 

BACKGROUND 

0002 Pressure ulcers, injuries to the skin and underlying 
tissues caused by prolonged pressure on the skin, are among 
the most common and costly secondary conditions after spi 
nal cord injury (SCI). Pressure ulcers affect about 80% of 
individuals with SCI, with 30% of SCI patients developing 
multiple pressure ulcers. The annual cost of care is about $1.2 
billion in the USA. In particular, the annual incidence rate 
ranges from 20-31% of SCI patients, and cost of care is 
estimated to be $40,000 per occurrence. 
0003) To aid in the prevention of pressure ulcers, pressure 
reliefactivities every 15-30 minutes have been recommended 
for persons with SCI. To minimize harmful pressure from 
sitting in a wheelchair, air-filled cushions are widely used by 
persons with SCI. Even if the person performs regular pres 
sure relief activities, these cushions are typically ineffective 
in preventing ulcers if the cushions are over- or under-in 
flated. This is because people with SCI typically lack the 
sensation to detect when and where the cushion is “bottom 
ing-out.” 
0004. A number of different monitoring solutions have 
been attempted to address this issue, but they all suffer from 
shortcomings. Pressure-mapping systems measure the distri 
bution of pressure on the interface between the cushion and 
the body. However, the high price (e.g., thousands of dollars) 
make such systems infeasible for widespread use. Currently 
used air pressure monitors are ineffective because air pressure 
changes with the applied load and does not reflect changes in 
weight distribution. 
0005. In addition, the SCI population is also at 2.5 times 
higher risk of obesity and overweight then those without the 
disability. Moreover, individuals who use a wheelchair have 
greater difficulty maintaining healthy weight because they 
have fundamental challenges in estimating physical activity 
and body weight. More strikingly, given the same BMI, per 
Sons with SCI usually carry a larger amount offat than those 
without disabling conditions. Acutely, persons with SCI tend 
to lose weight because of the catastrophic injury and related 
hypermetabolism. After the acute phase, however, resting 
energy expenditure decreases with the loss of metabolically 
active muscle mass, and activity energy expenditure also 
decreases with a sedentary lifestyle. Without an appropriate 
dietary adjustment, energy intake can easily exceed daily 
energy requirements, leading to a weight gain. Maintaining 
healthy weight is complicated by the challenges in estimating 
physical activity and body weight in individuals who use a 
wheelchair. Physical activity monitoring solutions may range 
from wrist-worn accelerometers and multi-sensor body-worn 
systems to wheelchair-mounted systems. All body-worn sen 
sors present an additional burden to the wearer and thus are 
not well suited for long-term use. Wheelchair-mounted 
device so far have been limited to tracking mobility of manu 
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ally-propelled chairs rather than activity of the occupant. 
Similarly, attempts have been made to incorporate weight 
measurement capabilities into the wheelchair. However, such 
devices require physical modification of the wheelchair. 
Therefore, non-intrusive and accurate monitoring of physical 
activity and body weight of wheelchair users remains an open 
problem. 
0006. Therefore, a cost-effective monitoring program is 
needed to alleviate the burdens facing SCI survivors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 FIG. 1 illustrates a patient monitoring assembly 
installed onto a wheelchair, according to one implementation. 
0008 FIG. 2 illustrates an exploded view of the patient 
monitoring assembly shown in FIG. 1 installed on a seat 
cushion, according to one implementation. 
0009 FIG. 3 illustrates an underside of the support pad 
110 shown in FIG. 2 according to one implementation. 
0010 FIG. 4 illustrates a top view of an amplifier that may 
be used with force sensors according to one implementation. 
0011 FIG. 5 illustrates a top view of an air pressure sensor 
according to one implementation. 
0012 FIG. 6A illustrates a schematic of components in 
communication with a circuit board according to one imple 
mentation. 
0013 FIG. 6B illustrates a perspective view of a circuit 
board according to one implementation. 
0014 FIG. 6C illustrates a schematic of a circuit diagram 
for the instrumentation amplifier shown in FIG. 4, the air 
pressure sensor shown in FIG. 5, and the microcontroller 
shown on the circuit board in FIG. 6B, according to one 
implementation. 
0015 FIG. 7 illustrates a perspective view of an enclosure 
with the printed circuitboard shown in FIG. 6B, according to 
one implementation. 
0016 FIG. 8 illustrates a schematic diagram of a computer 
system according to one implementation. 

DETAILED DESCRIPTION 

0017 Various implementations of a patient monitoring 
assembly and methods of use are described herein. The 
patient monitoring assembly may be useful in preventing 
pressure ulcers, monitoring pressure relief regimen, physical 
activity, and managing body weight of a patient seated on the 
assembly. The patient monitoring assembly may be installed 
on a manual or powered wheelchair, for example, and con 
tinuously monitors and provides feedback to the patient and/ 
or caregiver about whether the patient is engaging in pressure 
relief activities while seated on a cushion of the assembly, 
whether the patient’s activities are inaccordance with clinical 
guidelines for pressure relief, an estimate of the energy 
expended by the patient, and the weight and weight distribu 
tion of the patient seated on the assembly. The feedback may 
be provided in substantially real time via an audible or visual 
interface on the wheelchair and/or via a remotely located 
computing device. Such as a Smartphone. 
0018 FIGS. 1 and 2 illustrate a patient monitoring assem 
bly system 100 according to one implementation that is 
installed on a wheelchair. The system 100 includes a support 
pad 110 that may be disposed on a seat support surface 12 of 
a wheelchair, a plurality of load cells attached to the support 
pad 110, a cushion 102 disposed on an upper surface 111 of 
the support pad 110, and an electronic control unit (ECU) 106 
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in electronic communication with the load cells. In addition, 
the ECU 106 is configured for wirelessly communicating 
with a remotely located computing device 108. 
0019. In the implementation shown, the cushion 102 is an 

air-filled cushion. To monitor proper inflation of the cushion 
102, an air pressure conduit 103 is provided in sealed fluid 
communication between the cushion 102 and an air pressure 
sensor disposed outside of the cushion 102. The air pressure 
sensor is in electronic communication with the ECU 106. 
However, in other implementations in which the cushion 102 
includes a non-air filled cushion, such as a gel-filled cushion, 
the air pressure conduit 103 and air pressure sensor would not 
be necessary. 
0020. The support pad 110 is made of a substantially rigid 
material. Such as wood, plywood, rigid plastic, metal (e.g., 
steel or aluminum), or a plastic/metal composite material, and 
is about 0.25-0.75 inches thick (e.g., 0.5 inches thick in one 
implementation). The Support pad 110 is generally planarand 
may be rectangular shaped. It has a lower surface 113 (shown 
in FIG. 3) that may be disposed on the seat support surface 12 
of the wheelchair and an upper surface 111 opposite the lower 
surface 113 that faces upwardly when the pad 110 is disposed 
on the seat Support Surface 12. 
0021 Four load cells 202a-202d are disposed on the 
underside 113 of the support pad 110 adjacent each of the four 
corners of the support pad 110, as shown in FIG. 3. In one 
implementation, the load cells 202a-202d are substantially 
equally spaced apart from each other. For example, the load 
cells 202a-202d may be disposed adjacent each corner of the 
Support pad 110 or adjacent a center of each edge of the 
support pad 110. The cells 202a-202d may be integrated with 
the Support pad 110 or attached using adhesives or mechani 
cal mounting (e.g., Screws, rivets, or specially shaped place 
holders). 
0022. According to one implementation, the load cells 
202a-202d may be based on the half-bridge strain gauges 
used in weighing applications. However, in other implemen 
tations, the load cells may be of any type that produces an 
electrical signal proportional to the applied force, such as 
capacitive, piezoresistive, hydraulic, or pneumatic load sen 
sors. Each load cell has the range of about 4 to about/2 of the 
full range of expected body weights, depending on the num 
ber of load cells used. The load cells allow for direct mea 
surement of the load and load distribution. The load distribu 
tion is determined based on the known locations of each load 
cell. 

0023 Sets of wires 112a-d extend from each load cell 
202a-202d to the ECU 106, respectively. For example, in one 
implementation, three wires are associated with each load cell 
202a-202d. The three wires include a ground wire, a power 
supply wire, and a signal wire. Each load cell 202a-202d is 
capable of performing measurements when powered by the 
power supply wire. When a load is applied to one or more load 
cells 202a-202d, a signal is sent from the load cell 202a-202d 
via the signal wire to an amplifier, such as a TI INA2126 dual 
sided operational amplifier shown in FIG. 4. The amplifier 
provides again of about 540, which is sufficient to provide 
readable signal levels to the microcontroller, which is 
described in more detail below in relation to FIG.8. However, 
in other various implementations, the gain may be between 
about 0.1 to about 1000 as defined by the range of the output 
signal of the load cells. An exemplary circuit configuration 
for the amplified and load cells 202a-202d is shown in FIG. 
6C. In addition, the load cells may be configured to commu 
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nicate with the ECU 106 wirelessly if the load cells are 
provided with a power source for a wireless communication 
device (e.g., a Bluetooth device) for each load cell. 
0024. In one implementation, the signals from each load 
cell 202a-202d are individually processed, which allows the 
ECU 106 to determine whether there is movement by the 
patient in the anterior or posterior direction or the medial or 
lateral directions. This implementation also allows the ECU 
106 to determine the body weight of the patient and the center 
of weight distribution on the cushion 102. 
0025. In another implementation, the load cells 202a 
202d are paired together such that two load cells 202a, 202d 
are attached to one side of the amplifier and the other two load 
cells 202b, 202c are attached to the other side of the amplifier, 
as shown in the circuit diagram shown in FIG. 6C. On each 
side, one load cell is attached to a negative terminal to give a 
negative reading as a load is applied, and the other load cell is 
attached to a positive terminal to give a positive reading. Due 
to the differences in load cells, the reference pins for the 
amplifier may be attached to jumpers. This paired configura 
tion allows the ECU 106 to detect movement in the medial or 
lateral directions (e.g., to the right or left side) relative to the 
patient seated above the pad 110 and allows for measurement 
of the body weight of the patient seated above the pad 110. 
0026. A tilt sensor 204, or three dimensional (3D) accel 
erometer may be optionally installed adjacent a central por 
tion of the Support pad 110 for measuring seat inclination, as 
shown in the implementation shown in FIG.3. The tiltsensor 
204 is particularly useful in implementations in which the 
patient monitoring assembly 10 is used on a motorized wheel 
chair for patients having higher degrees of SCI. However, in 
implementations in which the assembly 10 is to be installed 
onto manual or electric wheelchairs that cannot tilt backward, 
the tilt sensor 204 may not necessarily be included. 
0027. In the implementation shown in FIG. 3, the tiltsen 
sor 204 is installed on the underside 113 of the support pad 
110 and is centrally disposed relative to the load sensors 
202a-202d and the underside 113 of the support pad 110. For 
example, in one implementation, the tiltsensor 204 may bean 
ADXL 337 from Analog Devices, Inc. In general, other 
implementations may include any sensor that can provide a 
signal proportional to the sensor's orientation in the field of 
Earth's gravity can serve as the tilt sensor 204, including 
multiple commercially available analog and digital tilt sen 
sors and acceleration sensors. The tiltsensor may be mounted 
on any side of the Support pad by adhesives or mechanical 
mounting Solutions. 
0028. The tiltsensor 204 detects the angle of inclination of 
the Support pad 110. For example, clinical guidelines may 
Suggest that pressure relief is provided by inclination of the 
seating Surface at an angle greater than about 30° for a certain 
period of time. As an example, the seat of a motorized wheel 
chair may be tilted as much as 65° to provide pressure relief 
and the relief activity can last as long as about 1 to about 4 
minutes. Wire(s) 112e extend from the tilt sensor 204 to the 
ECU 106. The analog or digital signal from the tiltsensor 204 
carries information about seat inclination to the ECU 106. 
0029. As mentioned above, the cushion 102 may include 
an air cushion, such as the air cushion shown in FIGS. 1 and 
2. The air cushion 102 shown in this implementation includes 
an upper surface 105 and a lower surface 106, and the upper 
105 and lower surfaces 106 define at least one chamber there 
between for holding air. The lower surface 106 is disposed on 
the upper surface 111 of the support pad 110, and the upper 
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surface 105 of the air cushion 102 faces generally upwardly 
away from the support pad 110. The patient may sit on the 
upper surface 105 or on a cover (not shown) disposed over the 
upper surface 105, for example. The upper surface 105 
defines an array of peaks 107a and valleys 107b, which form 
an egg-crate like Surface. The interior portions of the peaks 
107a are in fluid communication with the chamber. 

0030. At least one air conduit 103 is securely installed to 
be in fluid communication with each chamber and an air 
pressure sensor disposed outside of the air cushion 102. The 
air pressure sensor detects the air pressure in the chamber. The 
air pressure within the air cushion 102 may be up to about 
7.25 pounds per square inch (psi), with the actual pressure 
depending on the size, body weight of the user and the type of 
the air cushion used. FIG. 5 illustrates an exemplary air pres 
sure sensor 203 that may be used with the patient monitoring 
assembly 100, and FIG. 6C illustrates an exemplary circuit 
schematic for the air pressure sensor 203. The air pressure 
sensor 203 shown is a Freescale Semiconductor MPX53GP 
gauge type pressure sensor. However, other Suitable analog 
and digital air pressure sensors may be used with the assem 
bly 100 in other implementations. Suitable sensors have a 
measurement range that exceeds the highest pressure 
expected from the cushion and resolution sufficient to differ 
entiate between the degrees of cushion inflation. 
0031. As mentioned above, in other implementations, the 
cushion on the Support pad 110 may include a gel-filled 
cushion or a cushion filled with another suitable substance 
other than air. In such an implementation, the air conduit 103 
and air pressure sensor 203 are not necessarily included in the 
system 10 since air pressure monitoring may not be required. 
0032. The ECU 106 is configured for receiving the signals 
from the load cells 202a-202d, tilt sensor 204, and air pres 
sure sensor 203 to monitor and evaluate movement of the 
patient sitting on the assembly 100 and to ensure proper 
operation of the assembly 100. The ECU 106 comprises a 
circuit board, such as the circuitboard 250 shown in FIG. 6B. 
The circuit board 250 includes a storage card 252, a depress 
ible button 254, an alpha-numeric liquid crystal display 
(LCD) screen 256, a plurality of light emitting diodes (LEDs) 
258 disposed adjacent the LCD 256, a microcontroller 260 
associated with the load cells 202a-202d and the tilt sensor 
204, an audible buzzer alarm 262, and an air pressure sensor 
203 in fluid communication with the air conduit 103 extend 
ing from the air cushion 102. The ECU 106 may also include 
a Bluetooth wireless communication device 270 for sending 
signals from the ECU 106 to a remotely located computing 
device via Bluetooth wireless communication. 

0033. The components on the circuit board 250, the load 
cells 202a-202d, the tilt sensor 204, and the Bluetooth device 
270 may receive power from the battery used by the wheel 
chair if the wheelchair is an electric wheelchair or from a 
battery that is part of the patient monitoring assembly 100. 
Power is periodically supplied to the air pressure sensor 203, 
the load cells 202a-202d, and the tilt sensor 204 with the 
period being between about 10 milliseconds to about 30 sec 
onds. If the processor of the ECU 106 senses that the patient 
is not in the seat, the ECU 106 provides power to the various 
sensors less frequently to save power. For example, the pro 
cessor may sense absence of the patient in the seat if the force 
signals indicate that the weight on the seat is less than about 
20% of an expected weight when the patient is in the seat. In 
response to sensing that the patient is out of the seat, the 
processor may indicate to the ECU 106 to provide power to 
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the sensors every about 30 seconds until the force signals 
indicate that the weight on the seat is at least about 80% of the 
expected weight. The expected weight may be calibrated for 
the patient during the patient’s first use of the wheelchair or at 
a later time. 
0034. When the processor determines that the patient is in 
the seat, the period with which power is supplied to the 
sensors varies by application and the posture allocation 
assumed by the patient in the wheelchair. For example, when 
monitoring for air cushion inflation, the sensors may be read 
every 30s. Once a potential cushion deflation is detected, the 
Subsequent readings may be taken every about 1 to about 5 
seconds to monitor the situation on a shorter time scale. As 
another example, when monitoring physical activity, the load 
cell sensors may be read as frequently as every about 10 
milliseconds to capture the variation in sensor signals due to 
body motion. The specific power management scheme for 
powering the sensors is defined by which of the monitoring 
modes are active at a given moment of time: for example, 
cushion inflation (e.g., about 1 to about 30 seconds), pressure 
relief (e.g., about 10 milliseconds to about 30 seconds), 
physical activity monitoring (e.g., about 10 milliseconds to 
about 30 seconds), and body weight measurement (e.g., about 
10 milliseconds to about 30 seconds). 
0035 FIG. 7 illustrates the circuitboard 250 installed in an 
enclosure 275 to protect the components thereof. The enclo 
Sure may be made of a plastic material or any other Suitable 
materials for enclosing the circuit board. 
0036. In another implementation (not shown), the elec 
tronics of the system may be fully integrated into the Support 
pad containing the load cells, and an external wirelessly con 
nected computing device may act as the user interface. 
0037 FIG. 8 illustrates a schematic of a central server 500, 
or other similar network entity, configured to implement a 
computer system, according to one implementation. The 
server 500 executes various functions of the system 100 
described above in relation to FIGS. 1 through 7. For 
example, the server 500 may be the ECU 106 described 
above, or a part thereof. As used herein, the designation 
“central merely serves to describe the common functionality 
the server provides for multiple clients or other computing 
devices and does not require or infer any centralized position 
ing of the server relative to other computing devices. As may 
be understood from FIG. 8, the central server 500 may include 
a processor 510 that communicates with other elements 
within the central server 500 via a system interface or bus 545. 
The processor 510 may include the microcontroller 260 
described above in relation to FIGS. 6A-6C. Also included in 
the central server 500 may be a display device/input device 
520 for receiving and displaying data, including signals from 
the various sensors. This display device/input device 520 may 
be, for example, a keyboard or pointing device that is used in 
combination with a monitor. The central server 500 may 
further include memory 505, which may include both read 
only memory (ROM) 535 and random access memory 
(RAM) 530. The server's ROM 535 may be used to store a 
basic input/output system 540 (BIOS), containing the basic 
routines that help to transfer information across the one or 
more networks. 

0038. In addition, the central server 500 may include at 
least one storage device 515, such as a secure digital (SD) 
storage card, a hard disk drive, a floppy disk drive, a CD Rom 
drive, or optical disk drive, for storing information on various 
computer-readable media, such as a hard disk, a removable 
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magnetic disk, or a CD-ROM disk. As will be appreciated by 
one of ordinary skill in the art, each of these storage devices 
515 may be connected to the system bus 545 by an appropri 
ate interface. The storage devices 515 and their associated 
computer-readable media may provide nonvolatile storage 
for a central server. It is important to note that the computer 
readable media described above could be replaced by any 
other type of computer-readable media known in the art. Such 
media include, for example, magnetic cassettes, flash 
memory cards and digital video disks. 
0039. A number of program modules may be stored by the 
various storage devices and within RAM530. Such program 
modules may include an operating system 550 and a plurality 
of one or more (N) modules 560. The modules 560 may 
control certain aspects of the operation of the central server 
500, with the assistance of the processor 510 and the operat 
ing system 550. For example, the modules may perform the 
functions described above in relation to FIGS. 1 through 6B 
and illustrated by the figures and other materials disclosed 
herein, such as executing various functions of the monitoring 
system 10. According to various implementations, one or 
more of the modules may be executed by a digital computing 
system or portion thereof. Such as a micro computer, digital 
signal processor chip, field programmable gate array (FPGA) 
system, PC, or other Suitable computing device. 
0040. In one exemplary implementation, the server 500 
includes the following modules: (1) a pressure relief detection 
module for using signals received from the force sensors, tilt 
sensor, and/or air pressure sensor to identify one or more 
pressure relieving movements being performed and a dura 
tion and/or number of times that each movement is per 
formed; (2) a physical activity detection module for using 
signals received from the force sensors, tilt sensor, and/or air 
pressure sensor to identify (or estimate) a level of physical 
activity (e.g., an intensity, such as light or vigorous), type of 
activity (e.g., a certain exercise), and/or amount energy (e.g., 
calories) expended; (3) a feedback module for providing 
feedback about the number of times and/or a duration for 
which each pressure relieving movement is performed based 
on clinical guidelines for each pressure relieving movement, 
providing feedback about the physical activity of the patient 
over a certain time period (e.g., a day, a few hours) based on 
movements sensed by the force, tilt, and/or air pressure sen 
sors, and generating messages for the patient and/or caregiver 
indicating compliance with each guideline, prompting the 
patient to perform a particular pressure relieving movement 
or exercise, and/or indicating an amount of energy expended 
over the certain time period; (4) a dangerous condition mod 
ule for comparing force signals and/or air pressure signals 
with signals indicating one or more dangerous conditions and 
in response to the signals being indicative of one or more 
dangerous conditions, generating a message indicating the 
occurrence of the dangerous condition; (5) a calibration mod 
ule for receiving calibrated air pressure signals from the air 
pressure sensor and calibrated load signals from the load cells 
indicating a preferred air pressure in the air cushion, an initial 
weight of the patient, and an acceptable weight distribution of 
the patient over the Support pad; and (6) an communication 
module for communicating generated messages to the user 
and/or caregiver via audible, visual, and/or haptic messages 
delivered proximate to the wheelchair and/or to a remotely 
located computing device. 
0041. The system receives signals from the load cells 
202a-202d. air pressure sensor 203, and tilt sensor 204 peri 
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odically. For example, the frequency at which the signals are 
read may be about 30 times per second to about 1 time per 30 
seconds. And, the signals for one sensor may be read more or 
less frequently that the signals from another sensor, as noted 
above. 

0042. As mentioned above, the pressure relief detection 
module compares signals received from the force sensors, tilt 
sensor, and/or air pressure sensor with ranges of signals asso 
ciated with each respective sensor that indicate the perfor 
mance of a pressure relieving movement. Pressure relieving 
movements may include leaning forward, leaning right, lean 
ing left, tricep push ups, or backward tilting, for example. 
Based on the results of this comparison, the activity detection 
module identifies whether and which of the pressure relieving 
movement is being performed by the patient. In one imple 
mentation, the identity of the movement is stored in the 
memory along with a duration for each identified movement. 
Movements qualifying as pressure relieving movements, the 
number of times each movement should be performed in a 
certain time period (e.g., a day, an hour, a few hours) and the 
duration for performing each movement (e.g., about 1 to 
about 3 minutes) may be set by clinical guidelines and incor 
porated into the system. 
0043. In particular, according to one implementation, the 
pressure relief detection module may use feature computation 
to extract information of interest from the signals received 
from the force sensors, tilt sensor, and/or air pressure sensor 
signal. Such features may include mean, standard deviation, 
entropy, variance, maximum value, number of mean cross 
ings, and mean absolute deviation. To save power and mini 
mize the amount of computation, forward feature selection 
may be used to identify the most relevant features to be 
computed. For example, the difference between the mean 
load sensor reading on the left side versus the mean lead 
sensor reading on the right side may indicate that the patient 
in chair is leaning to the left side or the right, which are 
pressure relief movements. Similarly, the difference between 
the mean load sensor reading on the front side versus the 
mean load sensor reading on the back side may indicate that 
the patient is leaning forward. In addition, mean load sensor 
readings on all of the load cell sensors indicating repeated 
fluctuations in force that are consistent among the load cell 
sensors may indicate tricep push ups. 
0044. In one implementation, the pressure relief detection 
module may use a low-power pattern recognition algorithm 
(e.g., decision tree) to identify the signals that indicate each 
pressure relief movement. The decision tree algorithm is a 
class of machine learning algorithms that learns or trains from 
examples of given situation. For example, the training data 
used to “teach the algorithm may be collected by a small 
pilot study of 2 to 3 able bodied persons, for example. After 
establishing base line pattern ranges with this initial data, the 
algorithm may then continue to learn from data collected 
from additional able bodied participants. An exemplary 
method of how this algorithm is “taught’ is described below 
in the section entitled “Validation Study of Exemplary Patient 
Monitoring System.” However, other means of collecting the 
data used to teach the algorithm are possible and within the 
Scope of the invention. In addition, other types of learning 
networks may be used to identify the pressure relief move 
ments, such as neural networks, Bayesian networks, or other 
Suitable learning algorithms. Furthermore, the data indicating 
parameters for each pressure relief movement or levels of 
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physical activity may be predetermined and input into the 
system prior to patient use of the system or thereafter. 
0045 One or more of the following class labels may be 
applied to every 30 seconds (or other period of time) of sensor 
data: (1) normal sitting, (2) leaning forward, (3) backward tilt, 
(4) leaning left, (5) leaning right, (6) triceps push up, or (7) 
chair unoccupied. Pressure relieving movements may include 
tilting backwards, leaning left or right, and pushing up with 
the triceps. Thus, the pressure relief detection module iden 
tifies which of these movements is being performed based on 
the signals received and may store this information for use by 
other modules or for communicating to the patient and/or 
caregiver. 
0046 Similar to the pressure relief detection module, the 
physical activity detection module uses signals received from 
the force sensors, tilt sensor, and/or air pressure sensor to 
identify (or estimate) a level of physical activity (e.g., an 
intensity, such as light or vigorous), type of activity (e.g., a 
certain exercise), and/or amount energy (e.g., calories) 
expended. For example, physical activity estimates may be 
based on an assumption that any body movement of the 
patient results in minute variations in load cell signals (and, 
optionally, air pressure signals when an air cushion is used 
with the system). However, in this system, an average of 
normalized signals from the load cells, and optionally, signals 
from the air pressure sensor, may be used to estimate the 
magnitude of body motion. In addition, the normalized sig 
nals from the load cells may be used to estimate caloric 
energy expenditures without having to attach a separate 
device to the patient. In one example, the average normalized 
signals are computed for about 30 seconds of data. 
0047. The feedback module may be configured to provide 
feedback about the number of times and/or a duration for 
which each pressure relieving movement is performed based 
on clinical guidelines for each pressure relieving movement, 
estimate and provide feedback about an amount of energy 
expended by the patient over a certaintime period (e.g., a day, 
a few hours), and generate messages for the patient and/or 
caregiver indicating compliance with each guideline and/or 
prompting the patient to perform a particular pressure reliev 
ing movement. For example, the feedback module may be 
configured to compare the number of times each pressure 
relieving movement is performed and/or an elapsed time that 
each pressure relieving movement is performed with clinical 
guidelines for each pressure relieving movement. For 
example, estimation of the sufficiency of the pressure relief 
activities may include using the following metrics: (1) num 
ber and duration of pressure relief episodes in a particular 
time period (e.g., a day, the past hour, past 30 minutes, past 15 
minutes), (2) relative load reduction for backward tilt and 
push-ups, and (3) chair inclination for backward tilt. These 
metrics may be used with empirically formulated "if-then 
statements (e.g., fuZZy logic rules) that follow clinical guide 
lines to evaluate the sufficiency of the pressure relief move 
ment. 

0048. The feedback module may also be configured for 
estimating body weight using statistical methods to produce 
accurate measures from the multiple sensor readings accu 
mulated over a period of time. For example, first, episodes of 
“quiet sitting may be detected by the algorithms described 
above (e.g., all 30 second intervals of activity labeled as 
normal sitting and physical activity measure is below a 
threshold). Second, multiple estimates of body weight are 
computed from each 30 second episode of quiet sitting as a 
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linear regression of mean values from each of the load cells. 
Third, statistical outlier detection is applied to reject extreme 
values and produce an estimate of body weight. Because part 
of the patient’s body may be supported by leg rests when 
seated in a wheelchair, a certain error may be introduced into 
the estimate. However, for a given patient, this error may be 
constant and can be compensated for through calibration. 
0049. The message generated by the feedback module 
may communicated by the communication via audible, 
visual, or haptic means. For example, the audible message 
may include an instruction for the communication module to 
activate a buzzer or alarm or generate a spoken message using 
computer-generated language. The visual message may 
include an instruction for the communication module to dis 
play an alpha-numeric message or activate a certain LED or 
group of LEDs. For example, the visual message may include 
an instruction to activate a red LED if no pressure relieving 
activities have been performed for a given time period, a 
yellow LED if some pressure relieving activities have been 
performed but the amount still falls short of the goal, or a 
green LED if a sufficient amount of pressure relieving activi 
ties have been performed. As a specific example, the instruc 
tion may be “if number of episodes 1 hrs 10 then pressure 
relief green.” The fuzzy estimate of pressure relief 
sufficiency may be derived from multiple rules and presented 
on a color scale using the LEDs on the circuit board. The 
visual message may also be communicated via Bluetooth or 
other wireless network to a remotely located computing 
device, Such as a Smart phone or stand alone computing 
device, for display thereon. The haptic message, which may 
include a vibration or other sensory message, may be com 
municated by a haptic device disposed on the wheelchair, the 
circuit board, or on the remotely located computing device. 
0050. The dangerous condition module may be configured 
for identifying a dangerous condition, Such as over inflation 
of the air cushion, under inflation of the air cushion, lack of 
performing pressure relief movements or insufficient perfor 
mance of the pressure relieving movements, uneven weight 
distribution over the Support pad for a prolonged time period 
(e.g., leaning to a side or forward), excessive leaning to a side 
or forward (e.g., putting too much weight on one side or 
forward that may lead to the air cushion “bottoming out'), 
and low voltage in the internal battery or wheelchair battery. 
In particular, the dangerous condition module uses the air 
pressure signal, force signals, and/or tilt signal to identify one 
or more dangerous conditions. In response to the signals 
indicating one or more dangerous conditions, the dangerous 
condition module generates a message indicating the identity 
of the dangerous condition. For example, the dangerous con 
dition module may use feature selection computation, which 
is described above in relation to the activity detection module, 
to identify the one or more dangerous conditions. The dan 
gerous condition may be detected by comparing the received 
signals with calibrated signals acquired by the calibration 
module (discussed below) and identifying a dangerous con 
dition when the received signals are outside of a certain range 
of the calibrated signals. And, certain dangerous conditions 
may be identified if the received signal(s) are outside of a 
certain range of the calibrated signals for more than a prede 
termined time period. For example, a dangerous condition 
may be identified when the received air pressure signal is 
outside of about 20% of the calibrated air pressure for more 
than one minute or immediately if the air pressure is outside 
of about 50% of the calibrated air pressure. Clinical guide 



US 2015/0351981 A1 

lines may provide guidance as to how to define dangerous 
conditions and what sensor data may be useful in identifying 
them. 
0051. The feedback generated by the feedback module in 
response to receiving an identification of a dangerous condi 
tion from the dangerous condition module may be similar to 
the type of audible, visual, and/or haptic feedback described 
above. For example, the feedback module may instruct the 
communication module to flash the yellow LED when the 
battery voltage for the battery internal to the patient monitor 
ing system is below a first threshold voltage and flash the red 
LED when the battery voltage is below a second threshold 
voltage that is lower than the first. As another example, the 
feedback module may instruct the communication module to 
display at message on the LCD that indicates the air pressure 
is low, such as "AIR LOW'. 
0052 Furthermore, the feedback module may provide a 
set of historical sensor data to the remotely located computing 
device. This information could be useful for the physical 
therapist or caregiver in assessing the Sufficiency of physical 
movement for the patient, what pressure relieving movements 
are performed, how often are they performed, and how well 
are they working for the patient, monitoring weight gain/loss 
trends over time for the patient, and the frequency of danger 
ous conditions. 
0053. The calibration module receives the patients 
weight, normal weight distribution, and preferred or optimal 
air pressure in the cushion upon initial use of the patient 
monitoring system and saves the calibrated weight, weight 
distribution, and air pressure to the memory. For example, 
these calibrated values may be received by the calibration 
module via a user interface of the ECU 106. Upon power up 
of the wheelchairmonitoring system thereafter, the calibrated 
values are loaded from the memory and used by the processor 
for various monitoring functions. The calibration of one or 
more of these values may occur after the initial use of the 
wheelchair monitoring system by the patient if certain con 
ditions Suggest the need for an updated calibration, such as if 
the patient gains or losses a certain amount of weight. Pos 
sible methods of calibrating these values are described in the 
section below entitled “Description of Validation Study of 
Exemplary Patient Monitoring System.” 
0054 The communication module is configured for com 
municating the generated messages to the user and/or car 
egiver via audible, visual, and/or haptic messages delivered 
proximate to the wheelchair and/or to a remotely located 
computing device. Such as is described above in relation to the 
feedback module. 

Description of Validation Study of Exemplary Patient 
Monitoring System 

0055 To validate the efficacy and operation of the patient 
monitoring system, the applicants intend to study use of the 
patient monitoring system by about 20 able-bodied (AB) 
adult individuals prior testing on the system with individuals 
that lack pressure sensation. The accuracy of the patient 
monitoring system will be quantitatively assessed and addi 
tional data will be collected for calibration of the pattern 
recognition algorithms described above. 
0056. The adults to be studied initially will include a range 
of males and females, lean, overweight and obese individuals 
(e.g., BMI 18-45) so that operation of patient monitoring 
system is tested on individuals of having varying anthropo 
metric characteristics. Inclusion criteria will include adults 
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with BMI in the range of 18-45. Exclusion criteria will 
include adults with a self-reported lack of pressure sensation 
in the lower body. Half of the group will be assigned to a 
manual wheelchair (MW) group using a low-profile air cush 
ion (e.g., ROHO LOW PROFILE(R) 2.5" Dual Valve Cush 
ion), and the other half will be assigned to an electric wheel 
chair (EW) group using a high-profile cushion (e.g., ROHO 
HIGH PROFILE(R) 4" Dual Valve Air Cushion). These con 
ditions will emulate typical solutions for individuals with 
paraplegia and tetraplegia. 
0057 The patient monitoring system will be tested in the 
laboratory to validate detection of hazards that may lead to 
initiation of pressure ulcers. Each participant will report to a 
particular laboratory, and the optimal air pressure for that 
participant will be calibrated using a pressure mapping sys 
tem (e.g., ROHO XSensor(R). In addition, body weight and 
height measurements will be taken, and participants will be 
trained to use the wheelchair and patient monitoring system. 
Each subject will be asked to sit comfortably in wheelchair 
for 6 hours (e.g., three 2-hour episodes separated by breaks) 
while reading a book, watching movies or working on a 
computer. At random times the participants will be prompted 
to simulate a hazardous condition (for example, lean and 
remain leaning to one side for 5 minutes or until they expe 
rience a discomfort). A total of 18 (once per half hour) haz 
ardous conditions will be tested. The participants will also be 
prompted to perform regular pressure relief activities (18 
times total). 
0058 Second, the patient monitoring system will be tested 
on the same individuals using a manual or powered wheel 
chair in the community for a period of 3 days. The participants 
will be using the wheelchair for the duration of a waking day 
in the same manner as SCI individuals (with legs strapped to 
leg rests of the chair, body motion restricted using seatbelts, 
etc.), performing the same pressure relief activities as indi 
viduals with SCI, and following alerts/messages from patient 
monitoring system if necessary. For example, the alerts and 
prompts to perform pressure relief movements may be com 
municated to each participant via the LCD and/or LED on the 
circuit board of the patient monitoring system and/or through 
an application running on the participant's Smartphone. In 
addition, the participant will be asked to mark every alert as 
true or false or to report non-detected events through the 
application running on the participant's Smartphone. Alterna 
tively, the participant may enter this information via another 
type of computing device, such as desktop or laptop com 
puter. 
0059. During community testing, the participants will also 
wear a wrist calorimeter (e.g., a SenseWear calorimeter that 
relies on heat flow for energy expenditure measurement) to 
estimate energy expenditure. Another direct or indirect calo 
rimetry device, a room calorimeter, or an accurate physical 
activity monitor can be used for calibration. The participants 
will also be asked to take a body weight measurement on a 
floor scale (e.g., Tanita R, HD-351BT Bluetooth Wireless 
Digital Weight Scale) in the beginning and end of every day. 
In all experiments, the sensor data from patient monitoring 
system will be logged in the memory (e.g., the SD card on the 
circuit board) for further analysis. Signals from the wrist 
worn accelerometer will be stored on the internal memory of 
the accelerometer device, and body weight measurements 
from the floor scale will be automatically logged by the Smart 
phone or other computing device associated with the partici 
pant. 
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0060. The accuracy of the event detection (both hazardous 
conditions and pressure relief activities) will be evaluated by 
using counts of true positives (TP), false positives (FP) and 
false negatives (FN). These counts will be obtained by match 
ing observations in the laboratory study and self-report 
through the Smartphone application (or data entered via other 
computing devices) in the community study with events 
detected by patient monitoring system. The reliability of 
events detection will be expressed as F-measure F=(2*TP)/ 
(2*TP+FN+FP), wherein TP is the number of true positives, 
FN is the number of false negatives, and FP is the number of 
false positives. The proposed measure is well-suited for 
datasets dominated by true negatives, such as the dataset 
being evaluated. 
0061 Body weight estimates (PMSBW) will be evaluated 
with respect to floor scale measurements (FSBW). Measure 
ments taken by the floor scale will be paired with patient 
monitoring system measurements taken approximately at the 
same time. A paired two-sided t-test with null hypothesis H0: 
leMsaw Llrsaw and H1: leMsaw?!! FSaw, wherein leMsaw is 
the mean value for body weight calculated by the patient 
monitoring System and List is the mean Value for the body 
weight calculated by the floor scale, will test the significance 
of the accuracy of the body weight estimates. The power of 
such test can be estimated in terms of the effect size (mean 
difference over standard deviation of the difference): for the 
sample size of 10 participants who will provide at least 6 
measurements each during the course of the study, the effect 
size of 0.37 can be detected with 80% power and effect size of 
0.43 with 90% power. 
0062. The correlation of activity measures from the direct 
calorimeter (SW) and physical activity measures computed 
from the patient monitoring sensors (WCM) will be evalu 
ated using Pearson’s correlation coefficient computed for 
each day of observation 

X (SWi-SWp)(WCMi - WCMP) 

culi cu, \ i 17 AA 2 (SWA - SWPA) (WCMA - WCMPA) 

It is expected that the SW will be highly correlated to 
WCM, (e.g., rs().7-0.9). For correlation coefficient 0.8 and 
sample size of 30 (10 participants in each group times 3 days 
of observation), the power of the test will be above 0.99. 
0063. The difference in accuracy of event detection 
(F-measure), body weight estimates PMS, and physical 
activity estimates WCM, between the manual wheelchair 
and electric wheelchair groups will be evaluated by a two 
sample one-sided t-test to show that the metrics are not sig 
nificantly different between the two groups. Thus, the hypoth 
eses to be tested are for H0:11, Llagainst H1:(lesyle. 
Absolute error of body weight measurement 
e=WCM-BW" will be tested for Ho. against H: 
(141. The physical activity measures will be tested for 
Ho: Llt Llagainst H. J.L.-J.L. Given that the minimum 
sample size in any of these tests will be 30, each test will 
provide at least 80% power to detect effect size of 0.65 and at 
least 90% power to detect effect size of 0.76. 
0064. Finally, the analysis of the accuracy for each method 
with respect to the BMI will be performed using a Passing 
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Bablok Orthogonal regression, which will result in an equa 
tion of the form Y=a+b)x, wherein Y is a given methods 
measure of error (F1, eat, or r) and X is the BMI. A significant 
difference of the intercept from 0 indicates the fixed bias and 
the significant difference of the slope from Zero indicates the 
proportional bias. 
0065. Then, to validate the patient monitoring system with 
patients with SCI, about 20 adults (e.g., over 19 years old) that 
are paraplegia or quadriplegia or tetraplegia due to a spinal 
cord injury will be asked to participate. SCI patients that are 
not currently using a wheelchair with an air cushion will not 
participate. Ten individuals with paraplegia will be tested 
first, followed by 10 individuals with a higher degree of injury 
(e.g., tetraplegia). 
0066. The optimal air pressure for each participant will be 
calibrated using a pressure mapping system (e.g., ROHO 
XSensor(R) at the laboratory, and participants will be trained 
in how to use the patient monitoring system. 
0067 Next, the patient monitoring system will be tested 
on the same SCI individuals for a period of 7 days. The 
participants will be using the patient monitoring system and 
following alerts/messages from patient monitoring system if 
necessary. Unlike the study with the able-bodied individuals, 
participants the SCI community study will not have to mark 
every detected event as true or false. Instead, the perceived 
accuracy of the event detection will be evaluated using a 
questionnaire after the study. The participants will wear a 
wrist accelerometer (e.g., GT3X--Monitor from ActiCraph, 
SenseWear or other device) to estimate physical activity. 
Other direct or indirect methods (e.g. room calorimeters or 
doubly labeled water) may be used. The body weight mea 
surements will be taken by the wheelchair scale available at 
the laboratory at the beginning and end of the study. 
0068 Most of the analysis and power considerations 
described above are directly applicable to the analysis with 
the SCI participants and will be applied in the exactly the 
Saale. 

0069. In addition, the study with the SCI participants will 
establish qualitative (as perceived by the participants) mea 
Sures of the patient monitoring system comfort and useful 
ness of feedback (including reliability of alerts). Upon 
completion of the SCI participant study, the participants will 
fill out questionnaires assessing comfort of using the patient 
monitoring system (e.g., based on Knight and Baber assess 
ment) and self-perceived behavioral impact of the patient 
monitoring system feedback based on post-then-pre test 
design. 

CONCLUSION 

0070 Although the above figures and description describe 
the use of the patient monitoring system for use with a wheel 
chair, the system may be adapted for use in beds, chairs, and 
other Support Surfaces. In addition, the above description and 
claims refer to comparing the received signals from various 
sensors to expected signals indicating various conditions or 
pressure relieving movements, for example. However, it 
should be understood that this term should be interpreted to 
include the signals, transformations of the signals, or values 
derived from the signals that may indicate movement (or 
non-movement) of the patient, presence or absence of the 
patient, the weight and/or weight distribution of the patient, or 
a condition of the patient monitoring system. 
0071 Various implementations of the systems and meth 
ods described above provide a relatively low-cost solution for 
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reducing pressure ulcers in SCI patients and monitoring the 
weight of SCI patients by prompting and/or monitoring the 
performance of pressure relieving activities by SCI patients 
and providing feedback to SCI patients and their caregivers 
about the patient’s pressure relieving activities, the patients 
weight, physical activity, and the operability of the patients 
Support Surface. In addition, the systems and methods may 
provide active feedback in substantially real time to the 
patient and/or caregiver. A physical therapist or other car 
egiver may use the feedback from the system to better under 
stand what physical movements work well for the patient and 
how compliant the patient is with a physical regimen assigned 
by the physical therapist or caregiver. 
0072 The flowchart and block diagrams in the figures 
illustrate the architecture, functionality, and operation of pos 
sible implementations of systems, methods and computer 
program products according to various implementations of 
the present invention. In this regard, each block in the flow 
chart or block diagrams may represent a module, segment, or 
portion of code, which comprises one or more executable 
instructions for implementing the specified logical function 
(s). It should also be noted that, in some alternative imple 
mentations, the functions noted in the block may occur out of 
the order noted in the figures. For example, two blocks shown 
in Succession may, in fact, be executed Substantially concur 
rently, or the blocks may sometimes be executed in the reverse 
order, depending upon the functionality involved. It will also 
be noted that each block of the block diagrams and/or flow 
chart illustration, and combinations of blocks in the block 
diagrams and/or flowchart illustration, can be implemented 
by special purpose hardware-based systems that perform the 
specified functions or acts, or combinations of special pur 
pose hardware and computer instructions. 
0073. The corresponding structures, materials, acts, and 
equivalents of all means or step plus function elements in the 
claims below are intended to include any structure, material, 
or act for performing the function in combination with other 
claimed elements as specifically claimed. The description of 
the present invention has been presented for purposes of 
illustration and description, but is not intended to be exhaus 
tive or limited to the invention in the form disclosed. Many 
modifications and variations will be apparent to those of 
ordinary skill in the art without departing from the scope and 
spirit of the invention. The implementation was chosen and 
described in order to best explain the principles of the inven 
tion and the practical application, and to enable others of 
ordinary skill in the art to understand the invention for various 
implementations with various modifications as are Suited to 
the particular use contemplated. 
0074 Any combination of one or more computer readable 
medium(s) may be used to implement the systems and meth 
ods described hereinabove. The computer readable medium 
may be a computer readable signal medium or a computer 
readable storage medium. A computer readable storage 
medium may be, for example, but not limited to, an elec 
tronic, magnetic, optical, electromagnetic, infrared, or semi 
conductor System, apparatus, or device, or any Suitable com 
bination of the foregoing. More specific examples (a non 
exhaustive list) of the computer readable storage medium 
would include the following: an electrical connection having 
one or more wires, a portable computer diskette, a hard disk, 
a random access memory (RAM), a read-only memory 
(ROM), an erasable programmable read-only memory 
(EPROM or Flash memory), an optical fiber, a portable com 
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pact disc read-only memory (CD-ROM), an optical storage 
device, a magnetic storage device, or any suitable combina 
tion of the foregoing. In the context of this document, a 
computer readable storage medium may be any tangible 
medium that can contain, or store a program for use by or in 
connection with an instruction execution system, apparatus, 
or device. 
0075. A computer readable signal medium may include a 
propagated data signal with computer readable program code 
embodied therein, for example, in baseband or as part of a 
carrier wave. Such a propagated signal may take any of a 
variety of forms, including, but not limited to, electro-mag 
netic, optical, or any Suitable combination thereof. A com 
puter readable signal medium may be any computer readable 
medium that is not a computer readable storage medium and 
that can communicate, propagate, or transport a program for 
use by or in connection with an instruction execution system, 
apparatus, or device. 
0076 Program code embodied on a computer readable 
medium may be transmitted using any appropriate medium, 
including but not limited to wireless, wireline, optical fiber 
cable, RF, etc., or any Suitable combination of the foregoing. 
0077 Computer program code for carrying out operations 
for aspects of the present invention may be written in any 
combination of one or more programming languages, includ 
ing an object oriented programming language such as Java, 
Smalltalk, C++ or the like and conventional procedural pro 
gramming languages, such as the “C” programming language 
or similar programming languages. The program code may 
execute entirely on the user's computer, partly on the user's 
computer, as a stand-alone software package, partly on the 
user's computer and partly on a remote computer or entirely 
on the remote computer or server. In the latter scenario, the 
remote computer may be connected to the user's computer 
through any type of network, including a local area network 
(LAN) or a wide area network (WAN), or the connection may 
be made to an external computer (for example, through the 
Internet using an Internet Service Provider). 
0078 Aspects of the present invention are described 
herein with reference to flowchart illustrations and/or block 
diagrams of methods, apparatus (systems) and computer pro 
gram products according to implementations of the invention. 
It will be understood that each block of the flowchart illustra 
tions and/or block diagrams, and combinations of blocks in 
the flowchart illustrations and/or block diagrams, can be 
implemented by computer program instructions. These com 
puter program instructions may be provided to a processor of 
a general purpose computer, special purpose computer, or 
other programmable data processing apparatus to produce a 
machine, such that the instructions, which execute via the 
processor of the computer or other programmable data pro 
cessing apparatus, create means for implementing the func 
tions/acts specified in the flowchart and/or block diagram 
block or blocks. 
007.9 These computer program instructions may also be 
stored in a computer readable medium that can direct a com 
puter, other programmable data processing apparatus, or 
other devices to function in a particular manner, such that the 
instructions stored in the computer readable medium produce 
an article of manufacture including instructions which imple 
ment the function/act specified in the flowchart and/or block 
diagram block or blocks. 
0080. The computer program instructions may also be 
loaded onto a computer, other programmable data processing 
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apparatus, or other devices to cause a series of operational 
steps to be performed on the computer, other programmable 
apparatus or other devices to produce a computer imple 
mented process Such that the instructions which execute on 
the computer or other programmable apparatus provide pro 
cesses for implementing the functions/acts specified in the 
flowchart and/or block diagram block or blocks. 

1. A patient activity monitoring system comprising: 
a Support pad having generally planar first and second 

Surfaces, the first and second Surfaces being Substan 
tially parallel to and opposite each other; 

a cushion having an upper Surface and a lower Surface, the 
lower surface being disposed on the first surface of the 
Support pad; 

at least three force sensors disposed on the second Surface 
of the Support pad; 

an electronic control unit comprising a memory and a 
processor, the processor being in electronic communi 
cation with the one or more force sensors and being 
configured for: 
electronically receiving a force signal from each force 

Sensor, 
identifying whether a patient disposed on the upper Sur 

face of the cushion is engaging in a pressure relieving 
movement based on at least a portion of the received 
force signals; and 

in response to identifying that the patient engaged in the 
pressure relieving movement, storing the identifica 
tion of the identified pressure relieving movement in 
the memory. 

2. The system of claim 1, wherein the pressure relieving 
movement comprises one or more of the following: leaning 
forward, leaning right, leaning left, and tricep push ups. 

3. The system of claim 1, wherein the processor is further 
configured for identifying whether the patient is disposed on 
the upper Surface of the cushion based on at least a portion of 
the received force signals. 

4. The system of claim 1, wherein the processor is further 
configured for measuring a duration of time during which the 
identified pressure relieving movement is performed and Stor 
ing the measured duration with the identified pressure reliev 
ing movement in the memory. 

5. The system of claim 1, wherein the processor is further 
configured for counting a number of times that the identified 
pressure relieving movement is performed and storing the 
counted number with identified pressure relieving movement 
in the memory. 

6. The system of claim 4, wherein the processor is further 
configured for: 

comparing the measured duration associated with the iden 
tified pressure relieving movement with a respective 
clinical guideline time associated with the pressure 
relieving movement; and 

generating feedback to the patient indicating a level of 
compliance with the respective clinical guideline. 

7. (canceled) 
8. (canceled) 
9. (canceled) 
10. (canceled) 
11. The system of claim 4, wherein the processor is further 

configured for wirelessly communicating the duration and the 
identified pressure relieving movement stored in the memory 
to a remotely located computing device. 
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12. The system of claim 1, wherein the processor is further 
configured for comparing the differences in the received force 
signals with a range of acceptable differences for the force 
signals associated with safe operation of the monitoring sys 
tem over a predetermined time period, and in response to the 
differences in the received force signals being outside of the 
range of acceptable differences for the force signals for the 
duration of the predetermined time period, generating and 
communicating a message to the patient and/or caregiver 
indicating that a weight of the patient is unevenly distributed 
over the Support pad. 

13. The system of claim 1, wherein identifying whether the 
patient is engaging in the pressure relieving movement com 
prises: 

extracting at least a portion of each received force signal, 
retrieving corresponding signal portions associated with 

the pressure relieving movement, 
comparing the extracted portions with the retrieved signal 

portions, and 
in response to the extracted portions being within a par 

ticular range of the retrieved signal portions for a par 
ticular time period, identifying the patient’s movement 
as being the pressure relieving movement. 

14. The system of claim 13, wherein the processor is fur 
ther configured for identifying the patient's movement as 
being a hazardous movement if the retrieved signal portions 
indicating the pressure relieving movement exceed the par 
ticular time period. 

15. (canceled) 
16. The system of claim 13, wherein the extracted portion 

of the force signals comprises one or more of the following 
features: a mean, standard deviation, entropy, variance, maxi 
mum value, number of mean crossings, and mean absolute 
deviation. 

17. (canceled) 
18. (canceled) 
19. The system of claim 1 further comprising a tilt sensor 

disposed adjacent a central portion of the first or second 
Surface of the Support pad, and wherein the processor is 
further configured for: 

electronically receiving one or more tilt signals from the tilt 
Sensor, 

comparing at least a portion of the received tilt signals with 
an expected range of tilt signals associated with a back 
ward tilt pressure relieving movement, 

in response to the portion of received tilt signals being 
within the range of expected tilt signals associated with 
the backward tilt pressure relieving movement, identi 
fying the portion of received tilt signals as indicating that 
the backward tilt pressure relieving movement is being 
performed, and 

storing the identification of the backward tilt pressure 
relieving movement in the memory. 

20. The system of claim 18, wherein the processor is fur 
ther configured for calculating a duration during which the 
backward tilt pressure relieving movement is performed, and 
storing the calculated duration with the identification of the 
backward tilt pressure relieving movement in the memory. 

21. The system of claim 18, wherein the processor is fur 
ther configured for counting a number of times that the back 
ward tilt pressure relieving movement is performed in a par 
ticular time period and storing the number of times with the 
identification of the backward tilt pressure relieving move 
ment in the memory. 
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22. The system of claim 1, wherein the cushion is an air 
cushion that comprises an air chamber between the upper and 
lower surfaces of the cushion, the system further comprising 
an air pressure sensor disposed in fluid communication with 
the air chamber, and the processor is further configured for 
electronically receiving an air pressure signal from the air 
pressure sensor. 

23. The system of claim 20, wherein identifying whether 
the patient is engaging in the pressure relieving movement is 
further based on at least a portion of the received air pressure 
signals. 

24. The system of claim 20, wherein the processor is fur 
ther configured for comparing the received air pressure signal 
with a calibrated range of air pressure signals associated with 
the cushion when the patient is disposed on the cushion, and 
in response to the air pressure signal being outside of the 
range of calibrated air pressure signals and the force signals 
being within a range of calibrated force signals, identifying 
the air pressure and force signals as indicating over or under 
inflation of the air cushion. 

25. (canceled) 
26. (canceled) 
27. (canceled) 
28. (canceled) 
29. The system of claim 1, wherein the processor is further 

configured for calculating an average of normalized signals 
from the force sensors to estimate a magnitude of body 
motion and energy expenditure of the patient, comparing the 
calculated magnitude to clinical guidelines associated with 
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body motion of the patient, and generating feedback indicat 
ing a level of compliance with the clinical guidelines. 

30. The system of claim 1, wherein the processor is further 
configured for estimating the amount of body motion and 
energy expenditure of the patient, comparing the estimated 
amount of body motion and energy expenditure of the patient 
to clinical guidelines associated with the body motion, and 
generating feedback indicating a level of compliance with the 
clinical guidelines. 

31. The system of claim 1, wherein the processor is further 
configured for prompting the patient to perform at least one 
pressure relieving movement in response to not identifying 
that the patient engaged in any pressure relieving movements 
within a particular time period. 

32-40. (canceled) 
41. The system of claim 5, wherein the processor is further 

configured for: 
comparing the counted number associated with the identi 

fied pressure relieving movement with a respective clini 
cal guideline count associated with the pressure reliev 
ing movement; and 

generating feedback to the patient indicating a level of 
compliance with the respective clinical guideline. 

42. The system of claim 5, wherein the processor is further 
configured for wirelessly communicating the count and the 
identified pressure relieving movement stored in the memory 
to a remotely located computing device. 
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